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1
CARBON FOAM EVAPORATOR

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention relates generally to foam evaporators
usetul for applications including the concentration of liquids.
More particularly, the present invention relates to a carbon
foam evaporator where the carbon foam has a bimodal pore
distribution. The carbon foam evaporator exhibits improved
thermal and chemical stability, high strength and low density.
The mvention also 1mcludes a method of use for the carbon
foam evaporator.

2. Background Art

Evaporators 1n general are very widely used in industry for
the concentration of liquids. Besides the concentration of
liquids, foam evaporators serve to add volatile components to
gas streams, and as an important part of many thermal con-
duction devices. For example, Weinrich in U.S. Pat. No.
6,755,396 describes a portable vehicle humidifier which uses
a foam evaporator. A fan 1s mounted on top of a container with
a foam pad located within the container. The foam pad 1s kept
wet and the fan blows air across the pad and out through
escape hatches. The escaping air 1s higher in humidity than
the ambient air, so this 1s used to humidify mobile sources,
such as the cab of a truck.

Additionally, Smith, et al., U.S. Pat. No. 6,662,802,
describes a foam evaporator used to keep breathing lines free
of condensation. A foam pad 1s placed around a heater and

positioned at a low point in a breathing line. Condensation
collects on the walls of the breathing line and tlows down to
the location of the foam evaporator. The foam evaporator then
adsorbs and evaporates the condensation, keeping the breath-
ing line free of liquids.

Further, de Juan, Jr. (U.S. Pat. No. 6,726,666) describes a
foam evaporator used to humidily a gas stream used 1n eye
surgery. During certain surgeries, the mside of an eye has to
be filled with a gas. A moistened foam pad 1s placed within a
container in the gas line which 1s directed to the interior of the
patient’s eye. This results 1n a humidified gas entering the
patient’s eye, which 1s useful 1n preventing clouding of the
patient’s cornea.

A two-phase thermosyphon 1s described by Sehmbey, et al.
in U.S. Pat. No. 6,234,242, This thermosyphon includes a
housing with a foam and a two-phase liquid inside the hous-
ing. Several slots are located within the foam to facilitate
vapor flow. A liquid portion of the two-phase material 1s
evaporated within the foam at the bottom of the housing and
carried to the top of the housing, where 1t re-condenses. This
transiers the heat needed to vaporize the liqumid from the
bottom of the housing to the top of the housing, which 1s
beneficial 1n controlling the temperature of certain devices.

Alario, et al., 1n U.S. Pat. No. 5,303,768, describe a capil-
lary pump evaporator. This capillary pump evaporator
includes a foam evaporator with slots or grooves where a
liquid 1s vaporized and carried away from the evaporator. This
gas 1s then carried to a condenser where 1t condenses and 1s
re-liquetied. The liquid then flows back to the foam evapora-
tor. Heat 1s transferred from the foam evaporator to the con-
denser, which helps to control temperatures for certain
devices.

SUMMARY OF THE INVENTION

The present mnvention provides a carbon foam evaporator
where the carbon foam used provides unique and desirable
characteristics for the evaporator. The carbon foam has a
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bi1-modal pore distribution, and the foam 1s intermediate
between a closed cell and an open cell foam. The carbon foam
1s also very chemically and thermally stable. Other charac-
teristics of the foam include structural strength and chemical
iertness. The foam can also be wet by certain polar and
non-polar solvents. All of these characteristics provide for a
wide use of applications involving many different liquids,
gases, and operating conditions.

More particularly, the carbon foam has a density of about
0.05 to about 0.4 grams per cubic centimeter (g/cc), with a
compressive strength of at least about 100 pounds per square
inch (psi)(measured by, for instance ASTM C695). The pores
should be relatively 1sotropic, by which 1s meant that the
pores are relatively spherical. The foam should have a total
porosity of at least about 65%, and can be up to about 95% and
even as high as about 98% porosity, and should be thermally
stable beyond at least 300 degrees centigrade (° C.).

Furthermore, the foam should have a bi-modal pore distri-
bution which 1s a combination of two different average size
pores. The primary fraction should be the larger size pores
and the minor fraction should be the smaller size pores. Pret-
erably at least about 90% of the pore volume should be the
larger size fraction and at least about 1% of the pore volume
should be the smaller size fraction. By controlling the nature
of the pore distribution, the liquid permeability of the carbon
foam can be controlled. Liquid permeability can be measured
by, for mstance, ASTM C577.

To produce the carbon foam, a polymeric foam block,
particularly a phenolic foam block, 1s carbonized 1n an 1nert or
air excluded atmosphere, at temperatures which can range
from about 500° C., more preferably at least about 800° C., up
to about 3,200° C.

An object of the mvention, therefore, 1s a carbon foam
evaporator wherein the carbon foam has a bi-modal pore
distribution. By controlling the nature of the pore size and
distribution, the permeability of the carbon foam can be con-
trolled.

Another object of the invention 1s a foam evaporator with a
very chemically and thermally stable carbon foam.

Another object of the invention 1s a foam evaporator with a
carbon foam that 1s very strong, but has a low density, so that
a high strength to density ratio exists.

Still another object of the invention 1s a foam evaporator
with a carbon foam which 1s compatible with both polar and
non-polar solvents.

Another object of the invention 1s to provide a method of
use of the carbon foam evaporator.

These aspects and others that will become apparent to the
artisan upon review ol the following description can be
accomplished by providing a carbon foam evaporator with a
carbon foam having a bi-modal pore distribution, where at
least about 90% of the pores by volume have a diameter of
between about 10 and 150 microns or more, preferably with a
diameter between about 15 and about 95 microns. At least
about 0.5% of the pores by volume have a diameter of
between about 0.8 microns and about 3.5 microns, or more
preferably at least about 2% of the pores by volume have a
diameter of between about 1 and about 2 microns. The carbon
foam should have a density from about 0.05 to about 0.4 g/cc
and a compressive strength of at least about 100 psi, with a
porosity of between about 65% and about 98%. The pores of
the carbon foam should have on average an aspect ratio of
between about 1.0 and about 5.0. The carbon foam should be
thermally stable at least to a temperature of 300° C.

It 1s to be understood that both the foregoing general
description and the following detailed description provide
embodiments of the invention and are intended to provide an
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overview or framework of understanding to the nature and
character of the invention as 1t 1s claimed.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FI1G. 1 1s a side sectioned view of a carbon foam evaporator.

FIG. 2 1s a perspective sectioned view of a carbon foam
evaporator.

FIG. 3 1s a perspective view ol another embodiment of a
carbon foam evaporator.

FI1G. 4 15 side sectioned view of a carbon foam evaporator
with pillars.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Carbon foam evaporators 1n accordance with the present
invention are used to vaporize or evaporate liquids. Foams
have a large internal surface area, so when both a liquid and a
gas permeate a foam, there 1s a high degree of intimate contact
between the liquid and the gas. This assists in the evaporation
of the liquid by providing extensive surface area for the gas-
liquad contact.

Foam evaporators have many uses, including the evapora-
tion of a more volatile liqud component out of a liquid
mixture, so that the remaining liquid 1s concentrated. Other
uses include the vaporization of a liquid 1nto a gas stream, so
the gas includes at least some of the vaporized liquid. Often
times, this 1s humidification, where the gas 1s air and the liquid
1s water, but other examples exist, such as the evaporation of
scented oi1ls to provide a pleasant smell. Foam evaporators
can also be used 1n heat transfer operations by the vaporiza-
tion of a liquid 1n one location and the re-condensation of that
liquid 1n another location, so that the heat of vaporization 1s
transierred ifrom the point of vaporization to the point of
condensation.

Many designs for carbon foam evaporators are possible,
but some basic, common elements are depicted 1n FIG. 1.
There has to be a carbon foam body 2, and the liquid to be
evaporated has to be directed to the carbon foam body 2 by a
liquad introducer 4. If less than all of the liquid 1s evaporated,
some will exit the carbon foam body 2, and has to be collected
by a liquid collector 6. FIG. 1 indicates less liquid 1s collected
than introduced to the carbon foam body 2, because some of
the liquid has been evaporated. For a gas to evaporate the
liquad, the gas has to be provided to the carbon foam body 2
by a gas provider 8. The gas and evaporated liquid will {ind a
way to exit the carbon foam body 2, by way of a gas exit 9.

A more specific design 1s shown 1n FIG. 2. In this embodi-
ment, the evaporator has a carbon foam body 2, a liquid
introducer 4 on the top of the carbon foam body 2, and a liquid
collector 6 underneath the foam. A gas provider 8 injects gas
near the bottom of the carbon foam body 2 on the side, and the
gas and evaporated liquid exit the carbon foam body 2 on the
side near the top, at the gas exit 9. The gas provider 8 1s also
referred to as a gas access 8. A foam body 2, liguid introducer
4, liquid collector 6, and a gas provider 8 are present in one
form or another 1n nearly all foam evaporators.

The liquid introducer 4 typically uses a pipe, conduit, or
some similar structure for transferring the liquid to the carbon
foam body 2. Any structure which 1s arranged to direct a
liquid to the carbon foam body 2 can be used. The collector 6
can comprise several forms, including: a container placed
below the carbon foam body 2; a pipe or conduit opening to
the carbon foam body 2; or some combination wherein a
container or collection basin directs the collected liquid to a
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pipe, conduit, tank, or other structure. Any liquid collection
structure which 1s arranged to collect the liquids exiting, or
coming from, the carbon foam body 2 can be used.

It 1s possible for the gas from the gas provider 8 to enter the
carbon foam body 2 at almost any point, and then to exit at
almost any other point, as long as the gas provider 8 1s oper-
ably associated with the carbon foam body 2. The gas can be
provided to one side of the carbon foam body 2 and exit
another side as shown 1n FIG. 2, but it could just as easily be
introduced from the bottom and exit from the top. In fact, the
gas could enter or exit from the same locations as the liquid
introduction or the liquid collection. If the gas exit 9 1s from
a point low on the carbon foam body 2, liquids could become
entrained in the gas, which 1s a design consideration. The gas
from the gas provider 8 can be forced to the carbon foam body
2 by the use of fans, blowers, or any form of a pressure
differential across the carbon foam that will induce tlow.

Alternatively, the carbon foam body 2 can be left open, so
that 1t 1s not walled 1n. The gas provider 8 may then simply
provide a gas unforced, open access to the carbon foam body
2. The gas provider 8 may be arranged to direct the gas to
simply pass across the carbon foam body 2, or 1t may direct
the gas to pass ito and through the carbon foam body 2. The
liquid concentrated 1n the carbon foam evaporator can pass
through the evaporator once for a single pass or it can be
recirculated for a multiple pass system. The gas used can be
the atmosphere, or any other gas chosen.

To be ellective, the gas cannot be saturated with the liquid
component to be evaporated when contacting the carbon
foam body 2. One way to avoid saturation is to use a heater so
the gas propelled to or contacting the carbon foam body 2 1s
heated. Hot gases have a higher saturation point for a given
material than cold gases, so the heated gas would evaporate
more liquid. Alternatively, the heater could be placed within
or around the carbon foam body 2. This would heat the gas as
it contacted the carbon foam body 2, and 1t would heat the
liquids 1n the carbon foam body 2 as well, which would hasten
the liquid evaporation.

An alternate embodiment of the mvention 1s depicted 1n
FIG. 3. In this embodiment, both a liquid 10 and the carbon
foam body 2 are disposed within a container 12. In this
embodiment, the container 12 serves as both the liquid intro-
ducer 4 and the liguid collector 6. The carbon foam body 2 has
two portions, wherein the first portion 1s below the liquid level
and 1n contact with the liquid 10, and the second portion is
above the liquid level. The liquid 10 rises up the second
portion of the carbon foam body 2 by capillary action. In this
embodiment, the gas access 8 provides access by a gas to the
second portion of the carbon foam body 2, which 1s above the
liguid. The gas can be forced or propelled to the second
portion of carbon foam body 2, where 1t can be either forced
into the carbon foam or just directed to blow across the foam.
It 1s also possible to leave the carbon foam body 2 open to the
gas, without forcing the gas to the carbon foam body 2, so that
the gas access 8 1s simply an open, unforced access of a gasto
the second portion of the carbon foam body 2. The gas 1n this
second embodiment can also be any gas, including the atmo-
sphere.

In many cases, the desired product from an evaporator 1s
the concentrated liquid. One example of this would be the
pre-concentration of a liquid stream before a more energy
intensive separation operation such as distillation was per-
formed, thereby minimizing the overall energy use. In such
cases, the liquid evaporated 1nto the gas can be disposed of, or
it can be re-condensed. Disposal could include some form of
pollution control device, such as a flare or vent gas combustor.
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It 1s also possible that the gas with the evaporated liquid 1n 1t
1s the desired product, such as with a humidifier.

Thermal uses are also possible. Generally, a volatile liquid
1s disposed 1n the carbon foam, which 1s placed on an 1tem that
needs to dissipate heat. As the 1tem heats up, 1t evaporates the
liquid. The heat of vaporization for most liquids 1s large, so
significant thermal energy 1s transierred to the liquid to vapor-
ize 1t. The foam provides a large surface area to aid in the
transier of heat to the liquid. Optimally, the vapor rises to a
condenser area where 1t 1s re-condensed, and then returned to
the foam evaporator. The heat of vaporization 1s transferred to
the condenser during condensation. The condenser would be
positioned where the accumulated heat 1s more easily dissi-
pated.

Carbon Foam Description

The carbon foam used is prepared from polymeric foams,
such as polyurethane foams or phenolic foams, with phenolic
foams being preferred. Phenolic foams are a cured system
with both open and closed foam cells, and are made from
phenolic resins. Phenolic resins are a large family of poly-
mers and oligomers with a wide varniety of structures based on
the reaction products of phenols with aldehydes. Phenolic
resins are prepared by the reactions of a phenol with an
aldehyde, especially formaldehyde, 1n the presence of an
acidic or basic catalyst. The phenol reaction with formalde-
hyde 1s generally catalyzed by sodium hydroxide at a form-
aldehyde:phenol ratio which can vary, but 1s preferably about
2:1. The free phenol and formaldehyde content should be low,
and urea may be used as a formaldehyde scavenger.

The polymeric foam 1s prepared by adjusting the water
content of the resin and adding a surfactant, a blowing agent,
and a catalyst to the resin. In a preferred embodiment, the
surfactant 1s of the ethoxylated non-1onic type, the blowing
agent would be pentane, methylene chloride, a chlorofluoro-
carbon, or any combination thereof, and the catalyst would be
toluenesulionic acid, phenolsulfonic acid, or a mixture of the
two. The sultfonic acid catalyzes the reaction while the heat
from the exotherm causes the blowing agent emulsified 1n the
resin to evaporate and expand the foam. The surfactant con-
trols the cell size as well as the ratio of open to closed cells.
Both batch and continuous processes can be employed. In the
continuous process, the machinery 1s similar to that used for
continuous polyurethane foam. The properties of the foam
vary primarily with the density and the cell structure of the
foam.

The preferred phenol 1s resorcinol; however, other phenols
which are able to form condensation products with aldehydes
can also be used. Some examples of such phenols include,
monohydric phenol, polyhydric phenols including pyrocat-
echol or hydroquinone, alkyl substituted phenols including
cresols or xylenols, and polynuclear monohydric or polyhy-
dric phenols including naphthols, p.p'-dihydroxydiphenyl
dimethyl methane or hydroxyanthracenes.

The phenols used to make the foam starting material can
also be used in admixture with added non-phenolic com-
pounds which are able to react with aldehydes in the same
way as phenol. These non-phenolic compounds include many
amines such as urea and melamine.

The preferred aldehyde for use in the solution 1s formalde-
hyde. Other suitable aldehydes include those which will react
with phenols in the same manner. These include, for example,
acetaldehyde and benzaldehyde.

10

15

20

25

30

35

40

45

50

55

60

65

6

In general, the phenols and aldehydes which can be used to
make the carbon foam are those described 1n U.S. Pat. Nos.
3,960,761 and 5,047,225, the disclosures of which are incor-
porated herein by reference.

The polymeric foam used as the starting material 1n the
productlon of the carbon foam should have an 1nitial density
which mirrors the desired final density for the carbon foam
which 1s to be formed. In other words, the polymeric foam
should have a density of about 0.05 g/cc to about 0.4 g/cc. The
polymeric foam cell structure will be partially closed and
partially open. The degree of openness of the cell structure
should vary depending on the properties desired in the final
carbon foam. The polymeric foam should have a porosity of
between about 65% and about 98% and a compressive
strength on the order of about 100 ps1 and up to about 300 psi1
or higher. The compressive strength can be measured by
ASTM C695.

The polymeric foam 1s carbonized, or converted to carbon
foam, by heating in an air-excluded or inert atmosphere, such
as nitrogen. The foam should be heated to a temperature from
at least about 500° C., more preferably at least about 800° C.
up to about 3,200° C. Since the foam can shrink by over 50%
during carbonmization, the heating rate should be controlled so
that the polymer foam 1s brought to the desired temperature
over a period of several days. Care should be taken to ensure
uniform heating of the polymer foam for effective carboniza-
tion.

The carbon foam has a total porosity of about 65% to about
98%. The foam also has a multiplicity of pores and a bimodal
pore distribution, where a fraction of smaller pores are dis-
persed throughout the fraction of larger pores that comprise
most of the foam. At least about 90% of the pores by volume
are between about 10 to about 150 microns 1n diameter, or
more preferably between about 15 to about 95 microns in
diameter. Also, a measurable percentage of the pores by vol-
ume (generally at least about 0.5%, more commonly at least
about 1%) have a diameter between about 0.8 to about 3.5
microns, or more preferably between about 1 to about 2
microns. Advantageously, no more than about 5% of the
pores, more advantageously no more than about 2% of the
pores, are of the smaller pore diameter fraction of between
about 0.8 microns and about 3.5 microns. The larger pores can
be primarily connected by the smaller pores, although the
larger pores can also be connected directly to each other. The
bi1-modal nature of the inventive foam provides an interme-
diate structure between open celled foams and closed cell
foams.

After the carbon foam 1s produced 1t can be activated. This
1s done by treating 1t with steam, oxygen, ozone, or more
preferably with carbon dioxide, at temperatures from about
700° C. to about 1,200° C. This activation expands and opens
up the pores, providing larger pores and a more open celled
toam. The carbon foam can be activated to varying degrees, so
there 1s some control over how much the pore size 1s
increased, and correspondingly how much the foam 1s con-
verted to a more open celled foam.

The carbon foam has a relatively uniform distribution of
1sotropic pores having on average an aspect ratio preferably
between about 1.0 and about 1.5. The aspect ratio 1s deter-
mined by dividing the longer dimension of any pore with its
shorter dimension, so an aspect ratio of 1.0 represents a per-
fect sphere. Therefore, the pores of the carbon foam are
relatively spherical and therefore 1sotropic. Typically, char-
acteristics such as porosity and individual pore size and shape
are measured optically, such as by use of an epoxy micro-
scope mount using bright field 1llumination. The measured
characteristics are determined using commercially available
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soltware, such as Image-pro software, available from Media
Cybernetic of Silver Springs, Md.

The liquid permeability of the foam can be controlled
through the foaming process itself, or by activation of the
carbonized foam. In the foaming process, the surfactant,
blowing agent, and other additives can be adjusted to prepare
toams with primarily open cell character. A combination of
surfactant and blowing agent generally controls the cell size,
as well as the ratio of open to closed cells, 1n the polymeric
foam from which the carbon foam i1s made. The second
method 1s by the level of activation used on the carbon foam
after 1t has been carbonized. The activation removes some of
the material from the cell walls, causing an increase in the
percentage of open cells. As the foam becomes more open
celled 1n nature, the liquid permeability increases. The pre-
terred permeability of the carbon foam depends on the par-
ticular application to which the foam 1s being put. A lower
permeability would be beneficial when a gradual release of
the evaporated compound 1s desired, and a higher permeabil-
ity would aid in more rapid evaporation.

By the use of a polymeric foam heated 1n an 1nert environ-
ment, a non-graphitizing glassy carbon foam 1s obtained
which has the approximate density of the starting polymer
foam, or a density between about 0.05 g/cc and 0.4 g/cc. The
carbon foam also has a compressive strength of at least about
100 psi1. Thus, a carbon foam with a compressive strength to
density ratio of at least about 1000 psi1/(g/cc) 1s obtained. The
foam 1s also rigid. The carbon foam can be used for structural
support 1f necessary, because of 1ts strength and rigidity. The
strength and rigidity also allow for a high pressure feed with
a large pressure drop across the evaporator, which can be
beneficial in achieving higher flow rates through the foam.

Furthermore, the carbon foam 1s thermally stable beyond at
least 300° C. (at least about 2000° C. in a non-oxidizing
atmosphere), and 1s very chemically stable as well. This
allows the carbon foam to be used at elevated temperatures
with a wide variety of materials. By operating at elevated
temperatures, liquid components that are not volatile at lower
temperatures can be evaporatively removed from a solution,
so that the liquid 1s concentrated. The liquids or gases intro-
duced to the carbon foam evaporator can be aggressive mate-
rials, such as acids, bases, or oxidizers, and the chemical
stability of the carbon foam will prevent the foam from sig-
nificantly deteriorating.

The carbon foam 1s also very inert. This means the carbon
foam can be used to evaporate compounds which might react
on contact with metals or other materials used as evaporators.
Also, the iertness of the carbon foam provides a gentle
substrate for sensitive products. Furthermore, the described
carbon foam 1s easily wetted by both water and toluene. Water
1s a very polar liquid and toluene 1s a non-polar liquid. There-
tore, the carbon foam can be used readily with both polar and
non polar solutions, or with emulsions which contain both
polar and non polar liquids.

The carbon foam can also be conformed to a wide variety
of shapes. The original polymeric foam can be formed to a
desired shape, and the resulting carbon foam shape depends
on the polymeric foam’s shape. After the carbon foam 1is
created, 1t can be further machined to a very wide variety of
final shapes. Therefore, a variety of configurations can be
formed to meet the demands of the user, such as pillars of
toam as depicted 1n FI1G. 4. In thus configuration, the carbon
foam body 2 has many open passages between the pillars
where gas from the gas provider 8 can easily and rapidly flow.
The evaporation rate 1s enhanced because the surface area of
the carbon foam/gas interface 1s very large. This configura-
tion provides more rapid evaporation with a gas tlow that 1s
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less restrained than 1f the gas were forced to pass into and
through the carbon foam body 2. The liquid mtroducer 4 and
liquid collector 6 still function as before. Almost any desired
shape for the carbon foam body 2 1s possible.

Because of the above listed characteristics, the carbon
foam evaporator can be used for a wide variety of applica-
tions. Advantageously, the various applications could be per-
formed using the same carbon foam evaporator, with only a
good cleaning required between different uses. The many
unique characteristics of the carbon foam provide a wide
variety of benefits to the evaporator using this foam.

The disclosures of all cited patents and publications
referred to herein are incorporated herein by reference.

The above description 1s intended to enable the person
skilled 1n the art to practice the invention. It 1s not intended to
detail all of the possible variations and modifications that will
become apparent to the skilled worker upon reading the
description. It 1s intended, however, that all such modifica-
tions and variations be included within the scope of the inven-
tion that 1s defined by the following claims. The claims are
intended to cover the indicated elements and steps in any
arrangement or sequence that 1s effective to meet the objec-
tives intended for the mvention, unless the context specifi-
cally indicates the contrary.

What 1s claimed 1s:

1. An evaporator comprising:

a carbon foam body having a multiplicity of pores and

having a bimodal pore distribution wherein at least about
90% of the pores by volume have a diameter of between
about 10 microns and about 150 microns and at least
about 0.5% of the pores by volume have a diameter
between about 0.8 microns and about 3.5 microns;

a liquid itroducer arranged to direct a liquid to the carbon

foam body;

a liquid collector arranged to collect liquid from the carbon

foam body; and

a gas provider operably associated with the carbon foam

body for providing a gas to the carbon foam body.

2. The evaporator of claim 1, wherein the gas provider
forces a gas to the carbon foam body.

3. The evaporator of claim 2, wherein the gas provider 1s
arranged to direct the gas to pass across the carbon foam body.

4. The evaporator of claim 2, wherein the gas provider 1s
arranged to direct the gas to pass into the carbon foam body.

5. The evaporator of claim 1, wherein the gas provider
comprises an unforced open atmospheric access to the carbon
foam body.

6. The evaporator of claim 1 further comprising a heater,
wherein the heater i1s arranged so that the gas contacting the
carbon foam body i1s heated.

7. The evaporator of claim 1, wherein the carbon foam has
a density of between about 0.05 g/cc to about 0.4 g/cc.

8. The evaporator of claim 7, wherein the carbon foam has
a porosity of between about 65% and about 98%.

9. The evaporator of claim 1, wherein the pores have, on
average, an aspect ratio of between about 1.0 and about 1.3.

10. The evaporator of claim 1, wherein at least about 90%
of the pores by volume have a diameter of between about 15
microns and about 95 microns.

11. The evaporator of claim 1, wherein the carbon foam 1s
wetted by both polar and non-polar liquids.

12. The evaporator of claim 1, wherein the carbon foam 1s
thermally stable up to temperatures of at least three hundred
degrees centigrade.

13. The evaporator of claim 1, wherein the carbon foam has
a compressive strength of at least 100 psi.
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14. The evaporator of claim 13, wherein the carbon foam
has a compressive strength to density ratio of at least 1000
psi/(g/cc).

15. The evaporator of claim 1, wherein:

the liquid introducer and the liquid collector are comprised
ol a container having the liquid disposed in the container
and having the carbon foam body disposed in the con-
tainer with a first portion of the carbon foam body con-
tacting the liquid and a second portion of the carbon
foam body above the liquid; and

the gas provider 1s arranged to provide the gas access to the
second portion of the carbon foam body.

16. A method of evaporating a liquid, comprising:

(a) providing a carbon foam evaporator body having a
multiplicity of pores and having a bimodal pore distri-
bution wherein at least about 90% of the pores by vol-
ume have a diameter between about 10 microns and
about 150 microns, and at least about 0.5% of the pores
by volume have a diameter between about 0.8 microns

and about 3.5 microns:;
(b) mntroducing the liquid 1nto the carbon foam evaporator

body;
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(¢) providing a gas to the carbon foam evaporator body; and

(d) evaporating at least a portion of the liquid from the

carbon foam evaporator body into the gas.

17. The method of claim 16, wherein step (c¢) further com-
prises heating the gas prior to providing the gas to the carbon
foam evaporator body.

18. The method of claim 16, wherein step (b) comprises
placing the liquid and the carbon foam evaporator body 1n a
container with a first portion of the carbon foam evaporator
body contacting the liquid and a second portion of the carbon
foam evaporator body above the liquid.

19. The method of claim 16, wherein step (¢) comprises
forcing the gas ito contact with the carbon foam evaporator
body.

20. The method of claim 16, wherein step (¢) comprises
providing an unforced open atmospheric access to the carbon
foam evaporator body.

21. The method of claim 16, wherein said liquid comprises
a liquid mixture having at least one more volatile component,
and wherein the at least a portion of the liquid that 1s evapo-
rated includes the more volatile component.

G o e = x
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